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SKIN GLANDS AS ORGANS OF COMMUNICATION IN MAMMALS* 
R. MYKYTOWYCZ, D.V.M., AND B.S. GOODRICH, PH.D. 
The idea that skin plays an important role in 
communication in man and animals is not new. Hu-
man emotions produce variations in temperature 
and galvanic skin response. Visual changes of the 
skin in man and in some other mammals convey 
various messages. For example, in many species 
of monkeys, the color of the ski n on the hindquar-
ters, the anogenital region, and around the eyes 
may indicate fear, anger, or marked changes in 
their sexual cycles. Such individual states are com-
municated not only in naked but also in hirsute 
skin; brighlly colored parts of the pelage are some-
times displayed, or the hair is erected during ag-
gression or fear (Fiedler, 1964). 
Sympathetically induced visual changes of the 
skin are not the only means of signaling messages 
to conspecific!\ or members of other species. No less 
important are the odor-producing skin glands. 
which are the subjecl of the present paper. Often 
secretions of these glands are deposited voluntarily 
in the environment, and the messages they contain 
remain even after the animal that has released 
them has left. 
The histologic and histochemical characteristics 
of these glands have already been discussed and 
will not be repeated here (Mykytowycz, 1970, 
1972). Instead, examples of their behavioral func-
tion will be given here; these should be of greater 
interest to those who arc concerned mainly with 
the role of olfaction in mammalian communica-
tion. 
THE NEED FOR ANIMALS TO COMMUNICATE 
At the outset, we should stress tbat the specific 
topic of this paper must be viewed in the wider 
context of animal behavior. Only during the past 
two decades or so did the interest of some biologists 
in the behavior of animals lead to the emergence of 
ethology. Social-ethology, which deals with the 
behavior of an animal in relation to its conspecif-
ics, is one aspect of this field. Earlier it had been 
assumed that only some species live in well-organ-
ized social units, notably bees and ants. Today. 
however. we know that all animals are governed by 
typical forms of social interaction with conspecifics 
and that these are integral parts of the biology of a 
species. For a complete understanding of a species, 
then, one must know its pattern of social behavior. 
Reports dealing with the regulation of natural 
populations of mammals have emphasized the 
importance of such factors as food, climate. para-
sites, diseases, and predators. ln the few species in 
which social behavior has been studied in detail, 
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its influence on the breeding activities and survival 
of individuals was found to have a continuous 
effect on population numbers. The effect of social 
behavior on lhe numbers of free-living wild rabbits 
(Oryctolagus cuniculus) in Australia is well docu-
mented . The growth of the rabbit population can 
be inhibited or stimulated by various social in-
teractions (Mykytowycz and Fullagar, 1973). 
Maintaining such interactions as gregariousness, 
social grouping, territoriality, and social domi-
nance requires the animals to communicate with 
one another by one or more methods: visual, 
acoustic, tactile, gustatory, and often olfactory. 
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Studies of the relation between social behavior 
and communication are helped immeasurably 
when the reaction of an animal to an olfactorY 
stimulus is manifested in a characteristic way, e.g. 
by aggressive display, by mating display, or by 
marking of the territory. Attraction and avoidance, 
interaction with the stimulus. adoption of a char-
acteristic body posture accompanied by move-
ments of the separate parts of the body-tail, lips. 
ears. eyes-can also be easily noticed and inter-
preted. In many situations, however. reaction to 
the stimulus is expressed in a nonvisual way and 
can only be demonstrated at the physiologic level. 
This absence of visible changes suggests that in 
higher animals action is not released until the odor 
s ign als have been interpreted in the higher nervous 
centers. 
During studies of the reaction of rabbits ( l to 20 
days old) to various odor stimuli, suspension of 
sniffing. closing of nostrils, and nostril movements 
registered perception of the s ignal , and facial 
expressiom; indicated whether the stimuli pro-
duced attraction or rejection (Mykytowycz and 
Ward. 1971 ). In current studies of the reactions of 
adult rabbits to \'arious odors, the heart rate, 
recorded by radio-telemetric methods, is being 
measured as an indication of reaction to stimuli. 
Like many other species, rabbits respond to novel 
stimuli with a change in heart rate. 
Although the rabbit is well equipped for olfactory 
communication, other species (e.g., the black-
tailed deer, Odocoileus hemioTUl$ columbianu.~; 
see below) are even better provided with skin glands 
(Quay and Mi.iller-Schwarze, 1970). 
Our investigations of the behavioral function of 
skin glands in rabbits did not begin until the basic 
patterns of species and individual behavior were 
fairly well understood. This helped us to determine 
more confidently the functions of the skin glands. 
SKtN GLANDS OF WILD RABBITS 
Wild rabbits have at least three externally 
secreting skin glands. the behavioral functions of 
which are fairly well understood: the submandibu-
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Ja r or chin gland situated under the chin; the 
inguinal gland in the groin; and the anal gland 
around the terminal part of the rectum . The 
existence of these glands has been known for a long 
time but information on their function was lacking 
until recently. The anal glands were thought to 
fac ilitate the elimination of hard fecal pellets, and 
the chin glands, although excreting externally. 
were confused with the salivary glands. The role 
that these glands play in behavior has been deter-
mined and those interested should consult Myky-
towycz (1965. 1966a,b). Rabbits also have Har -
derian and lachrymal glands in the eye orbit whose 
function is not yet known; their dependence on !;ex 
hormones suggests a behavioral role (My kytowycz. 
1966c). 
In many s pecies some information on the in-
volvement of skin glands in behavior can be 
deduced by directly comparing the weights and 
, histology of the glands to the behavioral patterns. 
Vor example, sex-related differences have been 
found in the weights and his tology of the chin, 
inguinal, and anal glands of wild. sexua lly mature 
rabbits . These glands are larger and secrete more 
actively in males. 
Observations on the behavior of rabbits comple-
ment results from gravimetric and histologic stud-
ies. Males use the secretions from the anal and 
chin glands more frequently than females. and lhe 
correlation between the sexual activity of individ-
ual animals and the functioning of the glands is 
very strong. Secretion from the anal gland is 
applied to fecal pellets as they pass through the 
terminal part of the rectum . and chin gland 
secretion is deposited on various objects. 
In the hare (Lepus europaeus L.) which is much 
larger than the rabbit , these glands are considers· 
bly smaller and show no sexual dimorphism. Vari-
ations are rela ted to differences in the territorial 
behavior or the two species as discussed elsewhere 
by Mykytowycz ( 1965: 1966a) . 
[n many species, sexual differences in the devel-
opment and function of skin glands indica te the 
involvement of hormonal control. A good deal of 
work has been done in this field and a recent review 
by Strauss and Ebling (1970) provides a useful 
summary. These authors emphasize the depend-
ence of the skin glands on steroid and polypeptide 
hormones as well as their role in behavior. 
Thiessen and associates studied the hormonal 
regulation of the ventral glands in the Mongol ian 
gerbil (M eriones unguiculatus) . Their observations 
seem to apply to the glands of many other species 
which function for territorial purposes. Castration 
eliminates the scent from the glands in both sexes 
but inhibits marking only in males. lnjecticm of 
testosterone propionate st imulates secretory activ-
ity in both males and females. Social competition 
significantly sti mulates marking: dominant males 
mark more frequently than others. and the pres-
ence of dominant individuals inhibits the use of the 
glands in subordinate ones (Thiessen et al.. 1971). 
Correlation between the social status of the 
animal and the degree of development of its skin 
glands is particularly pronounced in wild rabbits. 
Animals of the highest social rank possess the 
heaviest glands and vice versa. Since the rank of an 
individual is not always related to its body weight 
or physical strength, and the weight of the glands is 
not necessarily correlated with th e size of the body, 
the strength of the dominant animals seems to lie 
in its ability to communicate socially (Mykyto-
wycz and Dudzinski. 1966). 
In addition to studies on the size and secretory 
activities of the glands, efforts were made to 
measure the intensity of the odor produced by 
them . An organoleptic panel method has been used 
lo investigate the changes in the intensity of the 
odor from the anal gland of the wild rabbit. Odor 
intensity varied in relation to the age. sex, social 
status, and reproductive state of an individual. 
Odor from the anal glands of dominant bucks was 
the strongest and that from nonova.riectom ized 
females weakest to the human nose (Hesterman 
and Mykyt owycz. 1968). 
CHEMISTRY OF SKIN GLAND SE CRE1'10NS 
The chemical composition of skin gland secre-
tions is not well-known and to date has been 
studied in relation to behavior in only a few species 
of mammals. 
The hehavioral assays of secretions are d ifficul t 
to design since in higher animals the same stimuli 
do not always elicit identical reactions. even in the 
same individuals. The fact that responses to stim-
uli frequently occur only at the physiologic level 
further complicates the observations. The reac-
tions to olfactory st imuli depend on such factors as 
lhe physiologic state of the animal, social s tatus, 
absence or presence of conspecil'ics, and other 
environmenlaJ fact ors. fn considering these com-
plications, we have to rely on large numbers of 
observations suitable for statistical treatment be-
fore we can draw any conclusions about the role of 
skin -gland secretions. Such observations are often 
difficult to arrange. Nevertheless, data obtained on 
even a limited number of sample~ are useful in 
helping us to understand the behavioral function of 
the chemica l components of skin-gland secretions. 
Evidence shows that in animals with more than 
one type of externally secreting skin gland, each 
type may func tion for a different purpose. This is 
well-illustrated in black-tailed deer. Thus M i.iller-
Schwarze (1971) has reported that the black-tailed 
deer marks its home range with secretion from the 
forehead glands. and when neeing, leaves on the 
ground an alarm scent from the interdigital glands. 
When deer encounter a fea r-inducing situation, the 
human observer can detect the discharge from the 
metatarsal scent, which a lso prevents the deer 
from feeding. The odor from the deer's tarsal 
glands serves to indicate its sex. age, and iden tity 
at close range, while the metatarsal gland conveys 
scent over moderately large distances. Excited 
males produce yet another scent Crom a composi te 
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sudoriferous and sebaceous gland located in the 
dorsal and lateral areas or tbe tail. 
Using chromatographic and spectroscopic 
methods, Muller-Schwarze and his associates 
showed that cis-4-hydroxydodec-6-enoic acid lac-
tone is the chief component of the tarsal gland 
secretion that identified individuals (Brownlee et 
H lf,C-- y H• 
CHl(CH,),- C=CH-Cli..-tH C 
"'-o/ ~o 
cis-4-hydroxydodec-6-enoic acid 
aL. 1969). In addition to this lactone. other behav-
iorally active substances can be detected in the 
tarsal gland secretion . The complex chemistry of 
the tarsal scent in the black -tailed deer seems to be 
characteristic of mammalian pheromones gener· 
ally. Exposure of the black-tailed deer to the odor 
of the whole tarsal secretion, to the isolated lac-
tone, and to a number of synthetic and unsatu-
rated -y- and o-lactones produces reactions that 
indicate that pheromonal activity is related to the 
double bond in the lactone molecule. The s ize of 
the lactone ring and the total number of carbon 
atoms present in the molecule appear to be of 
minor importance (Muller-Schwarze, 1969). 
Michael and Keverne (1970) reported that vagi-
nal secretions of estrogen-stimulated rhesus mon-
keys (Macaca mulatta) contain substances called 
"copulins'' which stimulate not only male interest 
in females but also mounting activity and ejacula-
tory behavior. ln males rendered temporarily anos-
mic, the effects of these secretions on behavior 
were eliminated. Fractionation of vaginal secre-
tions by partitioning and chromatographic proce-
dures showed that "capulin " consists of short-
chained aliphatic acids (Michael et al., 1971; 
Curtis et al., 1971). The concentrations of these 
compounds increased when estradiol was injected 
into ovariectomized females. which subsequently 
became more attractive to males . Although the site 
of "capulin" formation has not yet been precisely 
demonstrated, vaginal glands may be im·olved. 
When small doses of estrogen were administered 
intravaginally to ovariectomized rhesus females, 
the mounting activity of their male partners was 
greater than when the same doses were injected 
subcutaneously (Michael et al., 1971). 
The anal gland secretion of the red fox ( Vulpes 
uulpes fulua) contains trimethylamine and a 
number of short-chain aliphatic acids similar to 
those found in ·'capulin" (Albone and Fox, 1971). 
These results were obtained from the examination 
of a single female and no explanation of the 
behavioral function of these components was of-
fered. Studies of the histology of the anal sacs in 
the red fox showed that variations in secretory 
activity coincided with sexual behavior (Spannhof, 
1969). 
The behavior of rabbits in response to whole 
secretions from skin glands has been reported. 
More recent investigations have centered on the 
effect on behavior of fractions obtained from whole 
secretions. To determine the chemical composition 
of the secretions as well as to study the behavior of 
rabbits presented with fractions, the fractionation 
procedures used bad to be carefully screened. For 
example, during the preparation of fractions. a 
suitable solvent had to be selected since it is 
impossible to completely remove the solvent with-
out losing some of the more volatile constituents 
that may be behaviorally significant. Moreover, 
certain solvents in fractions. even in trace quan-
tities, adversely affect the behavior of rabbits. 
By means of chromatographic, spectroscopic, 
and electrophoretic techniques, differences in the 
chemical composition of secretions from the anal, 
inguinal. and chin glands of rabbits were demon-
strated. Variations related to sex and individuals 
were also observed. The chin and anal glands 
contained proteins and carbohydrates, and secre-
tions from the anal gland also contained a small 
amounl of lipid. By means of disc electrophoresis 
on polyacrylamide gels, clear resolution of the 
protein components in secretions from individual 
animals could be obtained (Fig. 1). Lipid extracts 
from gland homogenates consisted of hydrocar-
bons. nonglyceryl esters. fatty acids. and choles-
terol. Triglycerides. diglycerides, and monoglyce-
rides were present in extracts from the chin glands 
and the sebaceous parts of the inguinal glands 
(Goodrich and Mykytowycz. 1972). 
Although the presence of pheromones in secre-
tions from the preputial glands of male rodents has 
been suspected for some time, only recently has it 
been experimentally demonstrated that the odor 
. from these organs is attractive to the opposite sex 
(Orsulak and Gawienowski, 1972). Experimental 
observations also suggest that the same pheromone 
A.bblt Anat gland HcreUons CP'tln gl&ttd MCr•tlon& 
sen•m 
FtG. 1: Disc electrophoresis on polyacrylamide gels of 
protein components of pure anal and chin gland secre-
tions from individual rabbits. (i) Pooled rabbit serum· 
(ii) anal gland secretions from individual males; (iii) anai 
gland secretions from individual females; (iv) chin gland 
secretions from individual males; (v) pooled chin gland 
secretion from males; (vi) pooled chin gland secretion 
from females. (After Goodrich and Mykytowycz. 1972) 
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carries information that leads to aggress ive behav-
ior in males. A number of lipids from the preput ial 
glands of mice have been identified (Spener et al., 
1969) a lt houlcll t heir behavioral importance has not 
yel been tested. 
The acquisit ion of a characteristic ''boar odor '' 
by male pigs once they attain sexual maturity has 
attracted the attention of chemists. mainly for 
practical reasons. q'he odor , which is associated 
particularly with fatty tissues, adversely affects 
the palatability of the meat. T he early studies of 
this problem have been reviewed by Sink ( 1967). 
There is some controversy concerning the origin of 
this odor but the preputial glands may be at least 
partly res ponsible for it since surgical removal of 
these glands eliminates the boar taint in the meat 
(Dutt et al., 1959). lt has also been demonstrated 
that preputial glands are controlled by male sex 
hormones. 
Using gas chromatography. Patterson identified 
6 phenols (1967) and a number of aliphatic and 
aromatic carboxylic ac ids (1968a) from the odorous 
fractions of boar preputia l fluid. These compounds 
appear to be the major cont ributors to the natural 
odors of a live boar and its environment. In 
addition, two steroids have been identified as 
compon ents of the boar "'sex odor '': 3a-hydroxy-
3a-hydroxy-i}a-androst-l6-ene 
5a-androst-16-ene. a musk-smell ing- compound 
from the submaxillary salivary gland (Patterson, 
1968bl. and the closely related 5a-androst-16-
ene-3-one from fat t issue (Patterson, 1968c). 
5a-androst-16-ene-:3-one 
THE ROLE OF SAUVARY ODOR IN THE MATING 
BEHAVIOR OF DOMESTIC PIGS 
In a discussion of the reproductive behavior of 
the pig. Signoret ( 1970) emphas ized that when a 
boar meets an estrous gilt, a head-to-head position 
is t he most frequent pattern of contact. The boar 
works its jaws until saliva runs from the mouth , 
and the sow then assumes a char acteristic mating 
stance. This observation suggested t hat the saliva 
of the male and the head-to-head contact are 
important com ponents of mating behavior. G. 
Perry and associates of Bristol Un iversity designed 
an experiment to investigate this. They removed 
the submaxillary glands from six 1-month-old 
male pigs; three additional males, litter mates of 
the operated animals, were left intact. T he lack of 
submaxill ary glands did not affect the growth of 
the operated pigs; hence this organ a pparently 
does not function for the purposes of digestion. 
\Vhen the males were 12 months old, they were 
used in tests with estrous females. T he boars 
without submaxillary glands were less able than 
the controls to elicit the characteristic mating 
stance in estrous gilts. Moreover, t he females 
displayed aggressive behavior towards the de-
glanded males (Perry et al., in press). 
It is not yet known where 3a-hydroxy-5a-
androst -16-ene, which was isolated from submaxil-
lary gland, is formed. The gland itself could be the 
s ite of formation, but more likely it acts onty as a 
reservoir for this compound, extracting il from the 
blood during the production of saliva. The report 
that exogenous androsterone in aerosol form blown 
into the face of a gil t induces the mating stance 
(Melrose et al., 1971) strengthens the theory that a 
steroid -like factor in the saliva is involved in t he 
premating behavior of pigs. 
The domestic pig is not the only species in which 
saliva plays a behavioral role. Many other animals 
use secretions of their skin glands in combination 
with saliva . Hedgehogs (Erinaceinae) have been 
reported to secrete saliva all over the body, mixing 
it with odor from the skin glands. Aggressive 
excitement in woolly monkeys (Lagothrix) is also 
accompanied by salivation over the chest where 
the sternal glands are located, and similar behavior 
is com mon in other primates (Epple and Lorenz, 
1967). 
Alt hough in most species skin gland products 
seem to possess communicative properties in the 
form in which they are secreted, in others they fi rst 
have to undergo certain changes before they be-
come meaningful signals. Thus in man axillary 
sweat has to be bacterially decomposed before it 
acquires olfactori ly detectable cha racteristics 
(Shelley, L956}. 
ODOR IN THE MAINTENi\NCE Ot' GREGARIOUSNESS 
The benefits accruing to animals from commu-
nal living include common defense, hunting. con-
struction of shelters or condit ioning of t he occupied 
space to sui t com mon needs. Living together with 
conspecifics also fac ilitates reproductive activity. 
Generally. the benefits derived by the ind ividual 
are emphasized, but the results of recent popula-
tion studies also point out the disadvantages of 
gregarious living to some individuals. Group liv ing 
exposes the members to various social frictions 
tha t adversely affect the physical condition and 
reproductive activities of some of them, usually the 
subordinate ones. Thus gregarious I iving seems to 
serve primarily the interest s of the species. The 
competitiveness that characterizes communal Liv-
ing enables the fittest to survive and eliminates 
from reprod uctive activity those Jess adapted to 
the prevailing environmental conditions. The im-
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portance of gregarious living as a frame in which 
various social factors stimulate or inhibit popula-
tion growth has been recently documented in wild 
rabbits (Mykytowycz and Fullagar, 1973). 
Odor undoubtedly plays an important role in 
perpetuating corn munalliving. The early imprint -
ing of animals to the characteristic odor of their 
own species indicates this. Although the scent from 
skin glands has not been used specifically in 
studies of the phenomenon, the fact that animals 
become imprinted to commercially produced 
scents leaves no doubt that the odoriferous secre-
tions from the skin glands can be equally effective. 
Thus, for example. on reaching maturity, rats 
reared with litter mates smeared with ethyl benzo-
ate preferred conspecifics carrying the odor of this 
compound to untreated rats (Marr and Lilliston, 
1969). Similarly, guinea pigs (Cavia porcellus) 
retain a preference for an artificial odor in which 
they were reared (Carter and Marr, 1970) . 
Young rabbits also are capable of differentiating 
between various odors. In a series of tests, 1- to 
20-day-old nestlings were confronted with cotton 
wool swabs impregnated with the secretions of 
inguinal and anal glands. urine, xylol, and oil of 
cloves. Their varied reactions to these odors indi-
cated acceptance or rejection (Mykytowycz and 
Ward, 1971). 
THE ROLE OF SKIN GLANDS IN TERRITORIAL BEllA VI OR 
Of all the functions of odor-producing skin 
glands, the one related to territorial marking is the 
best understood. When markings are applied with 
secretions from these organs, animals often become 
involved in characteristic and sometimes grotesque 
types of activity. For instance, during marking 
with anal gland secretions, some species stand on 
their forefeet, and others drag the anal regions 
along the ground. Some animals insert twigs into 
the pouch of the infraorbital glands, and others rub 
their chests or ventral glands on elevated objects 
(Mykytowycz, 1970). 
Marking activities were systematically recorded 
by numerous workers under natural and experi-
mental conditions. These observations have pro-
vided a clear picture of the territorial involvement 
of the externally secreting skin glands in many 
species of mammals. Most animals use their own 
odor to permeate their environment, not so much 
to repel intruders but rather to tend to their ovn1 
comfort (Mykytowycz, 1973). 
Long observation of natural and experimental 
populations of rabbits has established that anal 
secretion combined with fecal pellets is used to 
mark possession of the occupied space. Dung-hills 
are special places on which feces are deposited and 
serve as a center of communication (Mykytowycz 
and Gambale, 1969). Behavior on these dung-hills 
varies according to the age, sex, and social status of 
the rabbit. Young individuals are disinterested, 
whereas adults, and especially males, are particu -
larly attracted to them (Mykytowycz and Hester-
man, 1970). Fecal pellets used for territorial mark-
ing have a stronger odor than pellets produced at 
other times (Hesterman and Mykytowycz, 1968). 
That the rabbit 's own odor endues it with 
confidence has been demonstrated experimentally. 
Rabbits of both sexes were introduced lo neutral 
ground, a pen, with another conspecific. Before 
this, the floor of the pen had been covered with a 
clean sheet of paper on which were scattered fecal 
pellets collected from one of the participants or 
from a cage-mate of the opposite sex of one of 
them. The individuals that emerged as dominants 
were those that had been tested in the presence of 
their own or their mate's anal gland odor. This was 
indicated, among other things, by their initiation 
of the first contact and victorious emergence from 
physical contests. The confidence an animal gains 
on the ground where its own odor prevails enables 
it to compete more successfully with conspecifics 
and to be more successful in reproduction (Myky-
towycz. 1973). 
THE ROLE OF SKJN GLANDS IN THE FORMATION AND 
MAINTENANCE 0.' SOCIAL GROUPS 
Even in cases of gregarious species. large, seem-
ingly socially uniform congregations consist of 
separate social groups. ll has been demonstrated in 
wild Australian rabbits that each group possesses a 
separate group territory within a larger warren area 
(Mykytowycz and Fullagar, 1973: Myers and 
Poole, 1961). Experimental data show that rabbits 
recognize group membership by means of a charac-
teristic smell to which the skin glands undoubtedly 
contribute. 
Dominant male rabbits are mainly responsible 
for maintaining group odor. They do this by 
depositing their odor frequently and regularly 
within the group territory and on the bodies of 
individual members in the group territory. Old 
males, especially dominants, frequently enurinate 
and chin immature individuals when they first 
appear within an existing social group. Frequent 
efforts to mount are also likely to leave the odor of 
the inguinal glands on the young animals. In this 
way, s trange rabbits marked with odors familiar to 
members of a group are gradually accepted by 
them. Since acceptance of new members into a 
group is not a smooth proc~. young animals must 
learn the odor characteristic of their immediate 
environment and confine their movements to the 
area where it prevails. 
A kitten rabbit introduced into the territory of a 
strange group is often attacked by its contemporar-
ies and adult females. Because of these hostilities, 
many kittens born to subordinate mothers in the 
field outside the main warren area die when they 
try to attach themselves to the existing group. This 
is a good example of how social factors affect 
population numbers (Mykytowycz and Fullagar, 
1973). 
Experiments have shown that rabbit nestlings 
accept Lhe odor of their mother's anal gland more 
readily than other odors. Knowledge of the moth-
er's odor thus confines the movement of young 
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rabbit kittens to safe areas where they are pro-
tected from aggression by members of another 
group (Mykytowycz and Ward, 1971). In addition 
to general observation, laboratory experiments also 
show that, rabbits can differentiate between ani -
mals of different social groups. In experimental 
situations, when females are confronted with kit -
tens of various descents, they t reat them different-
ly. The doe's own kittens are tolerated, the progeny 
of other members of the colony are harrassed. but 
those born in entirely strange populations are 
severely attacked and often killed. The identity of 
the kittens is established olfactorily. Even their 
own young are initially nudged , and amicable 
relations are established only after careful olfac-
tory examination. Blindfolding females prolongs 
the examination but does not affect their ability to 
identify the kittens (Mykytowycz and Dudzinski, 
1972). 
Schultze- Westrum ( 1969), while discussing so-
cial communication by chemical signals in Oying 
phalangers (Petaurus breuiceps papuanus), re-
ported that in this species association with a group, 
which takes place in early lil"e, is based on the 
processing of odor signals. AL Lhe age of 3 months 
(92 days), young phalangers can differentiate be-
tween the odors of their own and strange groups 
but not yet between individuals except thei r moth-
ers. Group odor is dist ributed throughout the 
territory as well as on the bodie~ of group members. 
Although all members add to the characteristic 
group odor, the dominant males, because of their 
greater involvement in scent distribution. are the 
main contributors. Dominant male and female 
marmosets were also said to mark more frequently 
than subordinate individuals (Epple, 1970, 1972). 
At least three body regions in Petaurus perma-
nently produce odor: a frontal gland, a sternal 
gland, and the urogenital- anal region in which 
there are three sources of odor: urine, proctodea! 
glands, and paraproctal glands. The secretion from 
the frontal gland, which can be deposited volun-
tarily, seems to play the most important roll' in the 
production of group odor. 
The principle of olfactory group unity is cur-
rently being used in animal husbandry . To elimi-
nate the aggression that frequently occurs when 
pigs of different descents a re put together for 
managerial purposes, a deodorant spray is applied 
to the group which masks all preexisting odors and 
thus eliminates fighting and promotes mutual 
acceptance. 
SKIN-GLAND ODOR AS A MEANS OF INDIVIDUAL 
RECOGNITION 
Animals are not only capable of recognizing one 
another but the relation between two individuals is 
regulated by mutual attraction or repulsion. 
Whereas visual and acoustic recognition be-
tween two animals is a possibility. the role of 
olfaction in the recognition process is important. 
However, in most cases in which olfaction has been 
implicated, the source of the odor has not been 
precisely determined. Total odor emanating from 
animals or materials from their immediate envi-
ronment have been considered. From general ob-
servations, the involvement of odors from skin 
glands is obvious. When one animal is trying to 
identify another, the site of externally secreting 
skin glands is olfactorily examined. The frequency 
of sniffing at sites of odor glands clearly shows their 
importance in identification . 
Of all the skin glands of the black-tailed deer, 
the tarsa l gland, which consists of sebaceous and 
sudoriferous glands, appears to be responsible for 
mutual recognition . The scent from the gland 
adheres to hair tufts on the medial side of the 
tarsal joints. Members of the same group of deer 
occasionally ~niff one another's tarsal organ during 
the day and more frequently at night. Introduction 
of a strange animal, particularly a male, increases 
the frequency of sniffing of all members by up to 
ten times. However, foreign animals usually do not 
sniff the tarsal organs of the resident deer (Muller-
Schwarze, 1971). 
The ability of marmosets to distinguish between 
the odors of two individuals of the same sex has 
been investigated by Epple (1973). The introduc-
tion of a strange male or female , the stimulus 
animal, into the cage of an individual, releases a 
high frequency of aggressive interaction. When the 
home animals are later given the choice between a 
wooden perch marked with the secretion from the 
circumgenitaJ gland of the stimulus animal and 
one marked by a completely new animal with 
which they had not had an aggressive encounter. 
they prefer the perch with the odor of their recent 
opponents. This preference persists for several 
days. 
The function of the inguinal glands of rabbits is 
for individual identification. Rabbit kittens up to 
the age of 8 days do not produce a scent detectable 
to the human nose nor do they arouse aggressive 
display in strange females that character istically 
show severe aggression towards older kittens. 
In a series of tests, mothers were confronted with 
their own kittens which had been anointed with 
inguinal and anal gland secretions of other fe-
males . During each test various behavioral pat-
terns were recorded. For control purposes, the 
reactions of females to their own untreated kittens 
were also measured (Fig. 2). Although all young 
were sniffed. more attention was paid to the 
hindquarters of kittens treated with the inguinal 
gland of strange females (p < 0.05). Nudging of the 
young by females so that they could be examined 
olfactorily was also more frequent in kittens 
treated wiLh secretions from the inguinal gland (p 
< 0.05); they were also followed more often (p < 
0.01) by females, persistently chased (p < 0.001), 
and severely bitten (p < 0.001). Rabbit kittens 
smeared with anal gland secretions were bitten 
much less frequently although somewhat more 
than the normal. untreated progeny (p < 0.05). 
Biting and chasing best demonstrated the change 
in maternal attitudes. 
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Ftc. 2: The incidence of some forms of behavior i11 female rabbits confronted with their own kittens treated with the 
anal and inguinal gland secretions of strange females. Levels of significance: •p < 0.05; **p < 0.01; ***p < 0.001. 
Data based on the results from 80 tests for each treatment . 
CONCLUSIONS 
The complex behavior of mammals makes it 
difficult to study the role of olfaction. In their 
relation to the environment, they rely on more than 
one sense. Experimental or natural destruction or 
weakening of one sense is usually compensated for 
by the greater use and development of another. In 
higher mammals, single senses are seldom solel.v 
responsible for the completion of vitally important 
functions as they may be in insects. Rather, all 
senses seem to complement one another. The 
various senses not only enable animals to survive 
but variations in the efficiency with which they are 
used determines the success of an individual in 
participation in vitally important biologic func-
tions. 
To fully assess the importance of olfaction, one 
must first understand the behavior of an animal 
under conditions to which it is accustomed. Once 
the normal behavioral pattern is known, the olfac-
tory responses that follow experimental manipula-
tions can be correctly interpreted. A feral animal is 
suspended in a delicate balance with its environ-
ment. Experimental interference with this balance 
always distracts the animal and complicates the 
study of olfaction and of behavior in general. 
Many excellent studies of odor-producing glands 
have been carried out by skin biologists. and 
detailed descriptions of anatomic, histologic, and 
histochemical structures of these organs are availa-
ble. However, in most cases, the complete absence 
of information on the ethologic background of the 
material examined makes it impossible to relate 
these reports to the behavior of the species or even 
to speculate on it. 
There is a continuing need for skin biologists as 
well as for other specialists to interest themselves 
in odor-producing glands. However. their studies 
have to be carried out in the context of total animal 
behavior. This can be done most. easily by cooper-
ating with ethologists and by working with species 
abundant enough to provide an ample supply of 
gland material. The few studies that provided us 
with more complete information on the behavioral 
role of skin glands were carried out jointly by 
specialists in different biologic fields. 
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